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Abstract 
 Plants are generally grown using soil as the main medium to supply the essentials 
necessary for growth, but as population grows and land decreases it is important to expand the 
knowledge of other growth mediums such as hydroponics.  The purpose of this study is to 
provide information on hydroponic growing systems, specifically how the pH of the water 
effects cucumber plant growth and if different varieties of cucumber plants may have varying 
reactions to the pH.  The hypothesis was that the plants would grow efficiently at pH of 5.0 and 
worst at pH of 7.5.  This experiment was conducted in one of the labs in Plant Science Hall at the 
University of Nebraska-Lincoln.  Eight varieties of cucumber plants were grown hydroponically 
in a mineral nutrient solution at four different pHs, 5.0, 5.65, 6.67, and 7.5.  The plants were 
placed in a growth chamber for 14 days and then removed to measure the chlorophyll, fresh 
shoot weight, and fresh root weight.  The results of the three different measurements were then 
averaged at each pH for each variety.  It was found, focusing on the results of chlorophyll 
measurements, that fifty percent of the plants grew best at the pH of 5.65 while the other fifty 
percent varied.  The results of the measurements did, in fact, vary depending upon the variety of 
cucumber plant grown.  
Introduction 
Most plants are grown using soil as a medium, but this isn’t always an option for 
gardeners.  There are sometimes obstacles that make it difficult or even impossible to garden 
successfully using the traditional backyard soil plot.  Cities with little or no areas for soil and the 
lack of seasonality that lead to poor growing conditions are both examples of the kinds of 
obstacles one can run into. “In 1960 with 3 billion population over the World, per capita land 
was 0.5 ha but presently, with 6 billion people it is only 0.25 ha and by 2050, it will reach at 0.16 
ha.” (Sardare, 2013) 
 In America, the average person eats about 518 cups of vegetables every year (Lin B, 
2018).  Thus, one must question where these vegetables are coming from in places incapable of 
growing fresh produce year-round, like Nebraska.  California is one of the answers.  California 
provides one third of the vegetables Americans consume due to its favorable growing conditions 
(California, 2015). Vegetables are grown, harvested, and transported all over the U.S. from 
California.  There are a couple problems this leads to.  One problem with this is that 
transportation is one of the big contributors of greenhouse gases (GHG) into the atmosphere 
(Boye and Arcand, 2014).  Furthermore, GHG emissions are released by any leakage from the 
refrigerated trucks.  The hydrofluorocarbons and the perfluorocarbons add to the total GHG 
emissions (Chen and Hsu, 2015).  All these GHG are contributors to global climate change.  
 Another problem is that the further the food is from a location, the less “food secure” that 
location is.   “Food security, as defined by the United Nations’ Committee on World Food 
Security, is the condition in which all people, at all times, have physical, social and economic 
access to sufficient safe and nutritious food that meets their dietary needs and food preferences 
for an active and healthy life.” (Ifpri.org, 2018) For the most part, places in America are very 
food secure, but if a disaster were to occur that stopped the shipment of foods to a store, this 
security is lost.  In addition, nutrient degradation of the vegetables as time goes on also becomes 
an issue.  It could take ten or more days after harvest before a vegetable is finally eaten, in turn, 
leading to lower nutrients and possible spoilage (Barrett, n.d.).  In order to fix these problems, 
there must be other opportunities to grow produce locally. 
 This is where options such as aeroponics or hydroponics comes in.  Both aeroponics and 
hydroponics are options for growing plants in the absence of soil.  Hydroponics uses water as the 
primary medium for gardening.  It uses a solution of mineral nutrients that the growing plants 
roots will be submerged in. Sometimes another material that won’t break down in the water is 
added to help support the roots, Aeroponics is similar, but instead of being submerged in the 
solution, the roots are sprayed with it. This research focuses primarily on hydroponics. 
With the population increasingly growing as it is, it is important we meet the increasing 
demand for food.  Hydroponics could help meet these demands while, in addition, addressing 
other problems caused by standard outdoor, field or soil plot growing practices that are currently 
being applied.  Nebraska is an excellent place to start implementing hydroponic growing systems 
to allow for year-round growth of produce as opposed to only outdoors during the spring and 
summer seasons.  This project focuses on how different varieties of cucumber plants will grow in 
a hydroponic system using varying pHs.  The results will provide important knowledge for either 
those interested in large-scale hydroponic farming systems as well as smaller-scale home 
hydroponic gardening systems. 
 The history of hydroponics and its methods goes back to the Hanging Gardens of 
Babylon, around 2000 years ago.  Though it has been used all this time, recently researchers 
have been using it more and more to find out more information on plants and how they work, for 
example their uptake of nutrients and the role each one provides in growth (Korstad, n.d.).  
When growing plants using hydroponics there are a few different techniques that can be 
used.  These techniques are broken down into two separate categories, circulating methods and 
non-circulating methods.  The circulating methods involve the nutrient film technique and the 
deep flow technique, providing a continuous flow of nutrients to the roots.  These methods are 
very easily controlled, but they also require frequent attention to ensure that the plants do not 
dehydrate if flow were to stop.  The non-circulating methods contain the root dipping technique, 
the floating techniques, and the capillary action technique.  These techniques typically use 
vessels such as pots, glass jars, and containers lined with a polythene film. (Sardare, 2013) 
 There are a lot of factors influencing the way a plant grows in a hydroponics system 
including light, water temperature, nutrient solution, and pH.  This project will focus on the pH 
of the water and how that affects the growth of a vegetable plant.  The term pH is used to 
describe hydrogen-ion activity and it is just as important as temperature and other factors when 
growing plants.  When water is at the pH of 7.0 or is neutral, then there is an equal amount of H+ 
(hydrogen ions) and OH- (hydroxide ions) that make up H2O.  This changes when the water 
becomes acidic or basic.  When it is acidic, there is more H+ than the OH-, and when it is more 
basic, there is more OH- than there is H+ (Small, n.d.).   
The importance of pH lies within how it affects the presence of certain nutrients in the 
water.  The optimum pH of the water plants grow in is from 5.5 to 5.8.  This range is best 
because it provides the best availability of nutrients to the growing plants.  When the pH is 
higher than this range, then nutrients such as Mn, Cu, Zn, and Fe have a reduced availability 
(Bugbee 99-112).  A reduced Fe availability can lead to reduced yield in some plants (Waters 
and Troupe, 2011).  A wide variety of plants can be grown using a hydroponic system.  Plants 
such as rice, corn, strawberries, beets, cabbage, cauliflower, basil, and many more are able to be 
grown in hydroponics (Sardare, 2013).  The specific plants this project focuses on is the 
cucumber plant and its different varieties.  This is because of the relatively quick growing time 
of the cucumber plant which would allow for a more rapid experiment to take place. 
 A similar study used cucumber plants and varying pH as well as foliar spray on their 
leaves to see if the nutrition could be restored via foliage.  This experiment, done at Polk 
Correctional Prison Farm in Sanford, FL, grew cucumber plants in pH’s of 5.0, 6.0, 7.0, and 8.0.  
Total they used six different experiments, the plants grown at pH 7.0 and 8.0 were also sprayed 
with the foliar nutrient solution.  The six experiments were done at pHs 5.0, 6.0, 7.0, 8.0, 7.0 
with spray, and 8.0 with spray.  They used a phosphoric acid to lower the pH and potassium 
hydroxide to raise the pH in order to maintain it.  Their experiment resulted in an early 
marketable yield of fruit that was much higher at pH 5.0 compared to 8.0.  They also measured 
the shoot fresh, dry weight, and length which showed a linear decline as pH increased from 5.0 
to 8.0.  The plants that received a foliar spray didn’t have any significant differences (Tyson, 
2008). 
   This project will focus on the following questions:  How will the cucumber plants growth 
be affected by the varying pH?  Will the effects of the pH vary depending on the variety of the 
cucumber plant?  Using the information that was found from the similar study, the hypothesis 
would be that the plants will grow best at the pH 5.0 and will be the worst at the pH of 8.0.  One 
of the reasons for this is because of Fe having a low solubility in alkaline conditions leading to 
chlorosis in plants (Hsieh and Waters, 2016).  It is unknown how the different varieties of plants 
will do at the varying pHs, so an objective of this project is to determine if there is a difference in 
results of the multiple varieties.   
 
Methods 
  For this research a quantitative approach is taken in order to collect the data needed.  The 
quantitative approach is being used because most of the results being measured are numerical 
data and it is determining how one variable, the pH of the water, affects another, the plant growth 
(Cresswell).  The experiment took place in one of the labs in the Plant Sciences Hall on UNLs 
East Campus.  This lab contains resources needed to grow the plants such as an incubator and 
growth chambers and the tools required for the final measurements taken.  It also provided the 
nutrients needed to make the nutrient solution that the plants were grown in, the containers used, 
and the chemicals needed to adjust the pH of the water.   
 The first step taken in this experiment was to start the first set of seeds.  Two varieties of 
seeds, the Ashley and Homemade Pickle varieties, were each taken and placed in two rows of 25 
on their own piece of germination paper saturated with a solution of CaSO4, covered with 
another piece of germination paper, re-saturated, and then rolled and placed into a jar of water.  
This jar of water was then placed on the counter for the seeds to sit and begin to grow.  While 
waiting for the seeds to begin to sprout, a large supply, 20 liters, of the nutrient solution at the 
four different pHs were made.  This was done by taking a container which holds 20 L of liquid 
and first filling about 2/3rds of the container with deionized water, following this the 
macronutrients and micronutrients were then added.  These nutrients and their amounts are as 
followed: 
 
 
Table 1. List of Macronutrients and the amounts needed when making 20L of mineral nutrient solution. 
(MACRO) 
Compound 
Stock Conc. 
(M) 
mL/L 
Final Conc. 
m/M 
mL/20L 
KNO3 1.5 1 1.5 20 
Ca(NO3)2 2 0.4 0.8 8 
NH4H2PO4 1.5 0.2 0.3 4 
MgSO4 1 0.2 0.2 4 
Micronutrient 
Solution 
N/A N/A N/A 12 
MES Buffer 0.1 10 1 200 
Table 2. List of Micronutrients and the amounts needed when making 20L of mineral nutrient solution. 
(MICRO) 
Compound 
Stock Conc. 
(M) 
mL/L 
Final Conc. 
m/M 
CaCl2 250 N/A 25 
H3BO3 250 N/A 25 
MnCl2 20 N/A 2 
ZnSO4 20 N/A 2 
CuSO4 1 N/A 0.1 
Na2MO4 5 N/A 0.5 
 
 
In order to create the different buffers added to the solutions, 200 mL of deionized water 
was measured out for each different pH and then was adjusted with MES for the pHs 5.0 and 6.0 
or HEPES for the pHs 7.0 and 8.0.  One by one the beakers of deionized water were placed on a 
mixing plate with a pH meter placed in the water and had 0.1(M) of the MES or HEPES added to 
it.  If the pH was too low, then it was adjusted with 1M NaOH using a micropipette, which is a 
special pipette instrument that allows for the measurement of very small amounts.  Once the 
preferred pH was reached, this solution was then added to the container holding the nutrient 
solution.  The final step was to fill the remainder of container with water until it reached 20 L.  
One mistake made was not double checking that the buffers did what they should have and made 
the pHs 5.0, 6.0, 7.0, and 8.0 in the larger containers of solution.  After growing our first set of 
plants, the solution was measured and it was found that the pHs were 7.5, 6.67, 5.65, and 5.  
These numbers were then the pHs used for the experiment. 
After five days of the seeds being in the germination paper, they weren’t quite ready, so 
they were placed into the incubator, which was kept at the temperature of 30℃ for another two 
days.  At this point the seeds were ready to be transferred into 
the containers and placed into the growth chamber.  This step 
began with filling the containers with 750mL of the nutrient 
solutions at each pH and then adding 188µL of Fe using a 
micropipette.  There were enough seeds that sprouted to do 
two containers at each pH for the Ashley variety, but only 
one container at each pH for the Homemade Pickle variety.  Each container was able to hold four 
different plants, but only two plants were transferred into them.  The plants were held in the 
containers using a small round sponge that had a slit in it for the sprout to be placed into and then 
inserted into a hole in the lid, allowing the roots to be submerged into the solution. 
Once this step was completed another set of seeds, varieties Lemon and Straight Eight, 
were started using the saturated germination paper and a jar of water.  These seeds were ready to 
be transferred into the containers and in the growth chamber after five days using same process 
mentioned above.  Both varieties had enough sprouts to have two containers at each pH.   The 
remaining varieties grown were Marketmore 76, Spacemaster, Armenian Metki White, and 
Muncher.  All varieties started as seeds in the germination paper, transplanted into the 
containers, each variety with enough sprouts to have two containers at each pH, and put into the 
growth chambers when ready. 
Fig. 1 The sprouts after being transferred into 
containers and placed into growth chamber. 
Each variety, not including the Ashley and Homemade Pickle varieties, were in the 
growth chamber for a total of 14 days.  There was a mistake made and the Ashley and 
Homemade Pickle varieties were only in the chamber 
for 9 days which will lead to a problem in the 
reliability of the results in those two varieties.  After 
the 14 days in the growth chamber, the plants were 
then removed and measured.  Measurements taken 
were fresh shoot weight, fresh root weight, and level of 
chlorophyll. 
The first thing measured was the level of chlorophyll with the Chlorophyll SPAD meter.  
A SPAD (Soil-Plant Anlyses Development) meter is a device used to measure the chlorophyll in 
a plant without destroying the plant.  It does this by, “...measuring the absorbance of the leaf in 
two wavelength regions.” (Chlorophyll, 2018).  This was done by taking the meter and 
measuring 4 or more samples from first true leaf and then averaged.  That average was then 
recorded for each individual plant, resulting in four measurements per pH per variety.   
For the fresh shoot weight, the plants were clipped at the point where the stem and the 
roots met.  The shoot of the plant was then taken and put in a weigh boat that was zeroed out on 
a scale.  This number was taken and recorded.  The root weight was the next measurement to be 
taken.  Some of the roots were tangled with the other plant in the container, so they were 
untangled as well as possible and then weighed using a scale with a zeroed-out weigh boat.  The 
last step of this experiment was to record, analyze and discuss the data found from these 
measurements. 
 
Fig. 2 Weighing out the fresh roots/shoots. 
Results 
 Data was taken from eight different varieties of cucumber plants and a total of 120 plants 
were grown and measured.  Each variety, except the Homemade Pickle variety which had 8 
plants, had a total of 16 plants grown, four at each pH.   
Once all the data was collected, it was recorded onto an excel spreadsheet.  There were 
three separate tables for each variety, one with the measurements of chlorophyll, one with the 
fresh shoot weight, and the last with the fresh root weight.  Since there were four plants to 
measure these three things under each pH, the measurements were averaged and then combined 
into one table to allow for an easier comparison of results from each variety.  Shown below are 
graphs depicting the data found in the tables, these provide an easier read visual representation of 
the results.  For the graphs, the varieties Ashley and Homemade Pickles were left out since their 
growth time differed from the other varieties, causing an error in their data. 
When looking at the graphs, there is an obvious difference between the varieties and the 
way they grew at each pH.  It seems that the effects of pH did vary depending on the variety 
because there is not one set of varieties that had the same measurements as another.  As for the 
hypothesis of the plants growing best at the pH of 5 and worst at pH 7.5, the main factor 
determining “best growth” being the chlorophyll measurements taken since chlorophyll is 
directly related to photosynthesis and a plants ability to convert solar energy into organic matter, 
all the results don’t seem to mirror that (Pavlovic et al. 21-34).  For some varieties this stands 
true, but some grew best at the pH of 5.65 or 6.67. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Effects of pH on plant the plant fresh root weight averages. 
Fig. 3 Effects of pH on plant chlorophyll measurements 
  
 
 
 
 
 
 
 
Figure 3 presents the data on the plant chlorophyll measurements taken at each pH for all 
the varieties.  These measurements were the main focus when determining a plants quality of 
growth.  Though there is not a consistent decrease in the chlorophyll among the varieties, there is 
a significant difference between the chlorophyll measurements at pH 5 and pH 7.5.  When 
looking at figure 3, Straight Eights, Lemon and Marketmore follow a similar trend, but the rest 
follow their own trend.  For the three that follow a trend, they have an increase from 5 to 5.65, 
but then decrease as pH changes to 7.5.  The Spacemaster variety has a steady decline from 5 to 
7.5.  Muncher variety shows an increase from 5 to 6.67, then drops from 6.67 to 7.5.  Finally, the 
Armenian decreases to 5.65, has a slight increase to 6.67, but then decreases to 7.5.   
In figure 4, which shows the measurements of fresh root weight averages, the varieties 
Spacemaster and Lemon follow a similar trend where they both seem to have a steady decline.  
The varieties Muncher, Armenian M.W., and Marketmore 76 also had similar trends where they 
slightly increased from pH 5.05 to 5.65 but then decreased from the pH 5.65 to 7.5.  The variety 
Fig. 5 Effects of pH on plant fresh shoot weight averages. 
Straight Eights seemed to have its own trend where the measurements decreased from 5.05 to 
6.67, but then had an increase from 6.67 to 7.5. 
Figure 5 shows the fresh shoot weight averages.  When looking at these, it is noticed that 
only the Armenian and Straight Eights share a similar trend.  These two varieties decline from 
pH 5.05 to 6.67, but then have a sudden increase in weight to the 7.5.  Though the other varieties 
don’t have quite as similar trends, Muncher, Lemon, and Marketmore 76 all seem to have their 
lowest measurements at the pH of 7.5.  Spacemaster’s measurements increase from 5.05 to 6.67, 
then have a slight decline from 6.67 to 7.5. 
 
Discussion 
Before getting into the discussion, it should be disclosed that the project intended to have 
the plants grown in pHs 5, 6, 7, and 8, but they ended up being grown in pHs 5, 5.65, 6.67, and 
7.5 which may have influenced the results and their relationship with the initial hypothesis.   
When looking at the results, the varieties Lemon and Marketmore 76 had higher 
measurements of Chlorophyll and the FSW at the pH of 5.65 than any of the other pHs.  This 
could be a result of the pH range 5.5-5.8 being optimum for nutrient availability (Bugbee 99-
112).  The varieties Straight Eights, Armenian Metki White, and Spacemaster all had two out of 
three of their measurements highest at the pH of 5.0.   When using the chlorophyll measurements 
as the determining factor of plant quality, fifty percent of the plants seemed to grow best at pH of 
5.65, but the other fifty percent varied.  Using these same measurements, all the varieties did 
worst at 7.5 than any of the other pHs.   The findings did not support the hypothesis of the plants 
growing best at pH of 5.0 but did support plants growing worst at pH of 7.5.  Instead, plants 
seemed to grow best at the pH of 5.65.  These results differed from those found in the study done 
at the Polk Correctional Prison Farm in Sanford, Fl, however this study utilized different pHs 
(Tyson, 2008). 
For the objective of determining if there is a difference in the results of the multiple 
varieties, there certainly is.  Not one variety had the same results as another, though some did 
follow similar trends.  This information is important because it shows vegetable growers the 
varieties that have higher measurements in the more extreme conditions.  For example, when 
looking at figure 6 the variety Spacemaster had higher chlorophyll measurements in each pH 
than any other variety so those who want to grow cucumber plants in a higher pH can look at 
these measurements and choose to grow this variety over, for example, the Armenian Metki 
White variety, which had the lowest measurements of chlorophyll across all pHs. 
 
 
 
Conclusion 
Hydroponics provides an adequate substitution for growing plants in places that do not 
have the means to utilize typical soil mediums.  With this being said, it is important to continue 
Fig. 6 Chlorophyll measurements of different varieties at each pH 
to expand the knowledge on the methodology of hydroponics and the certain factors that 
influence plants and their growth.  As the population grows and the land per capita decreases, 
studies like this help home gardeners and farmers look closer at other growing mediums such as 
hydroponics and how factors such as pH and plant varieties can influence their yield of fruits and 
vegetables (Sardare, 2013).    This study concluded that cucumber plants grow best at pH 5.65 
and worst at 7.5 and shows that different varieties do, in fact, vary in their measurements at each 
pH, informing those who may be questioning just that. 
Though this research does supply some knowledge on how the pH and varieties affect 
plant growth, there are a few things that could be done differently to provide more conclusive 
data and results.  First, would be to increase the amount of plants grown at each pH.  This would 
allow more accurate data by reducing the variance and limiting certain outliers that could have 
influenced that data.  Secondly, the growing time could be extended from only 14 days to 
growing them until some yield was produced.  This would provide more data that those who are 
looking into growing plants via hydroponics could use by showing them the actual yields they 
would be getting at each pH.  Finally, the pHs could be consistently checked and adjusted.  For 
this project, the pHs were only checked at the beginning of the plants growing, so in order to get 
more accurate results for what the plants do at an exact pH, it must be checked and maintained.  
Although, these adjustments could lead to a more accurate conclusion, this study still provides 
useful information regarding pHs impact on plant growth.  
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